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Background: Overweight and obesity are becoming increasingly critical problems in most developed countries.
Approximately 20% of adults in most European countries are obese. This study examines the prevalence of
overweight and obesity in Luxembourg and their association with different demographic, socioeconomic (SES), and
behavioural factors.
Methods: The data used in this study were taken from 2 surveys on household income and living conditions
conducted in 1995 and 2007. The target population was household residents aged 16 years and older, and body
mass index (BMI) data were self-reported. Average BMI, overweight, and obesity prevalence rates were calculated
according to each demographic (gender, nationality, marital status), SES (educational level, profession, and place of
residence), and behavioural (physical activity and diet) factors. A multivariate logistic regression analysis was
conducted to measure the relationship between obesity and demographic, SES, and behavioural factors. All
analyses were conducted according to gender, and data used were weighted.
Results: Between 1995 and 2007, the average BMI remained nearly constant among men and women in the entire
study population. Obesity prevalence increased by 24.5% through the study period (14.3% in 1995 to 17.8% in
2007). Obesity prevalence increased by 18.5% for men (15.1% in 1995 to 17.9% in 2007) and by 30% for women
(13.6% in 1995 to 17.7% in 2007). Between 1995 and 2007, obesity increased sharply by 48.2% (from 11% to 16.3%)
in Portuguese men, 76.7% (from 13.3% to 23.5%) in Portuguese women, 79.7% (from 17.2% to 30.9%) in widowed
men, and 84.3% (from 12.1% to 22.3%) in divorced women. Multivariate logistic regression analysis showed that the
relationship between the educational level and obesity was not statistically significant for men, but was significant
for women.
Conclusions: The prevalence of overweight and obesity is high in Luxembourg and has changed slightly in recent
years. SES inequalities in obesity exist and are most compelling among women. The fight against obesity should
focus on education, with emphasis on the socially disadvantaged segment of the population.
Keywords: Obesity, Body Mass Index, Socioeconomic inequalities, LuxembourgBackground
Overweight and obesity are gradually becoming highly
critical health problems in most developed countries [1].
In 1997, the World Health Organization (WHO) reported
that obesity is a chronic disease and that ‘it is now so
widespread that it replaces the traditional public health
problems such as malnutrition and infectious diseases,
and is one of most important factors of ill health’. In 2006,* Correspondence: anastase.tchicaya@ceps.lu
Population and Employment Department, Centre d’études de populations,
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distribution, and reproduction in any mediumthe Ministerial Conference of WHO found that obesity
prevalence had tripled in 20 years; 1 of 2 adults and 1 of 5
children were overweight in the WHO European Region
[2], and approximately 20% of adults in most European
countries were obese [3]. The potential medical and socio-
economic (SES) consequences of overweight and obesity
threaten individual health and health systems [4-7].
Several studies have examined the relationship between
demographic and SES factors and obesity [8-14]. Among
the SES factors, educational level plays an important role
[8-14]. Most studies show a generally linear relationshipCentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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most educated people having low rates of obesity [9-14].
The relationship between SES and obesity is also mediated
by behavioural factors such as diet (or nutrition) and phys-
ical inactivity, which play a role in the SES-body mass index
(BMI) gradient [15-18]. However, in a population-based
study in Sweden, only a part (18%–29%) of the association
between educational level and obesity could be explained by
the measured lifestyle factors [13].
In underprivileged zones and among the most disadvan-
taged groups, individuals (especially young people) are
more inclined to smoke, which increases risk for over-
weight [19-21].
In Luxembourg, the prevalence of overweight and obesity
was 36% and 17%, respectively, in 2005 [22]. A recent study
[23] involving patients who underwent coronary angiog-
raphy in 2008 and 2009 showed high rates of overweight
(47.1%) and obesity (34.2%). Because the prevalence of
these conditions is increasing in most developed countries,
we studied their evolution and determinants between 1995
and 2007 in the general population in Luxembourg.
This paper has 2 main objectives. The first is to provide
an account of the extent of overweight and obesity and
their evolution in Luxembourg between 1995 and 2007,
according to demographic and SES characteristic. The sec-
ond is to analyse the relationship between demographic
and socioeconomic determinants, behavioural factors, and
obesity. This is the first study in Luxembourg to focus on
the evolution of overweight and obesity in the general
population. Owing to the diversity in the resident popula-
tion (approximately 43.2% of residents were foreigners in
2007 according to the National Institute of Statistics and
Economic Studies [24]), we were able to determine differ-
ences in the prevalence of overweight and obesity between
Luxembourg natives and foreigners.
Methods
The data analysed in this study pertain to household in-
come and living conditions from ‘Panel Socio-Economique
Liewen zu Lëtzebuerg 2/European Community Household
Panel’ and ‘Panel Socio-Economique Liewen zu Lëtzebuerg
3/European Union-Statistics on Income and Living Condi-
tions’ surveys conducted in 1995 and 2007. This type of
longitudinal survey concerns only private households; the
survey technique is based on face-to-face interviews, and
the target population is people aged 16 years and older.
The data represent 5,117 people in 1995 and 7,768 people
in 2007; the sample population comprised 51.7% women in
1995 and 50.8% women in 2007. We used cross-sectional
weighted data for the analyses.
Data
BMI, age, gender, marital status, nationality, education level,
profession, place of residence, physical activity, and dietwere studied (Table 1, Table 2). BMI, defined as the ratio
between a person’s weight and height (kg/m2), was self-
reported. To minimize bias, the investigator handed the
respondents a card that showed the corresponding BMI
value at the intersection of their height and weight. Over-
weight was defined as a BMI of 25–30 kg/m2, and obesity
was defined as a BMI of≥30 kg/m2.
Marital status was identified by 4 modalities: single,
married, separated/divorced, and widowed. The national-
ity variable represented national origin of subjects residing
in Luxembourg. The International Standard Classification
of Education (ISCED) was used to describe the educa-
tional level, which was divided into 3 categories: primary
education (ISCED 1), secondary education (ISCED 2 and
ISCED 3), and tertiary education (ISCED 4 and ISCED 5).
Profession was defined using the international classifica-
tion of the International Labour Organization, which is
based on the last occupation of the respondents and
grouped into 4 terms: managers and intellectual profes-
sions, intermediate professions, employed, and agricultural
workers/craftsmen/workers/no profession.
The residence location variable allowed researchers to
measure spatial variation in the prevalence of overweight
and obesity: this variable comprised the following 6
regions: Centre-North, Centre-South, East, West, North,
and Luxembourg City.
Physical activity was defined as a dichotomous variable:
Respondents answered yes if physical activity was prac-
ticed and no if not. Diet was measured by the question:
‘Do you think your diet is balanced, unbalanced, or you do
not know’?
Statistical Analysis
The prevalence of overweight and obesity and average BMI
were calculated according to demographic (gender, national-
ity, and marital status) SES (educational level, profession,
and residence location), and behavioural (physical activity
and diet) factors (Table 1, Table 2). Multivariate logistic re-
gression analysis was conducted to measure the relationship
between obesity and demographic SES and behavioural fac-
tors (Table 3). Obesity was the interest variable and the in-
dependent variables were age, nationality, marital status,
educational level, profession, place of residence, physical ac-
tivity, and diet. All analyses were conducted separately by
year and gender, and data used were weighted. All analyses
were performed using the SAS© System (SAS Institute, Cary,
N.C., USA).
Ethical consideration
This research was conducted in accordance with the
World Medical Association Declaration of Helsinki. The
Luxembourg National Commission for Data Protection
approved the EU Survey on Income and Living Conditions,
which also was used.





Overweight Obese N Average BMI
(SD)
Overweight Obese
Total 5117 25.1 (4.4) 37.3 14.3 7768 25.5 (4.6) 36.4 17.8
Men
All 2471 25.9 (4.0) 46.3 15.1 3821 26.0 (4.1) 43.9 17.9
Age groups 16-24 178 24.0 (2.8) 34.7 4.9 519 23.4 (3.9) 26.2 7.0
25-34 585 24.8 (3.5) 38.8 9.7 651 25.1 (3.3) 42.8 11.4
35-44 560 26.0 (4.0) 47.1 15.9 827 25.9 (3.5) 46.7 15.4
45-54 431 26.7 (4.4) 52.7 18.6 748 26.9 (4.5) 47.0 22.1
55-64 344 27.0 (3.9) 52.8 20.9 497 27.4 (4.1) 45.3 29.1
65+ 374 26.2 (4.1) 49.3 17.6 579 27.0 (4.5) 51.5 23.4
Nationality Luxembourgers 1827 25.9 (4.1) 45.1 15.8 2328 26.1 (4.8) 43.9 18.7
Portuguese 194 25.3 (3.0) 46.4 11.0 561 25.7 (3.4) 44.2 16.3
French 94 26.3 (4.4) 51.8 13.8 188 24.9 (2.7) 37.5 10.5
German 41 26.4 (3.5) 58.6 17.2 81 26.5 (3.0) 52.4 17.1
Others 315 25.7 (3.5) 50.1 13.6 664 25.9 (3.6) 44.0 18.5
Marital status Single 646 24.7 (3.4) 36.6 9.5 1184 24.3 (3.9) 33.4 8.8
Married 1623 26.3 (4.1) 49.7 17.2 2294 26.7 (3.9) 49.3 21.7
Divorced/separated 100 26.2 (4.2) 53.8 13.9 239 26.3 (3.4) 40.2 20.5
Widowed 102 26.0 (4.4) 47.6 17.2 104 28.4 (5.5) 50.7 30.9
Educational level Primary 882 26.2 (4.1) 45.8 18.6 900 26.3 (3.9) 46.1 20.3
Secondary 1054 25.7 (3.8) 46.6 13.4 2015 26.1 (4.5) 44.4 18.5
Tertiary 523 25.5 (3.9) 46.4 12.3 869 25.2 (3.4) 39.9 12.8
Profession Managers and Intellectual
professions
479 25.5 (4.0) 47.4 12.1 642 25.2 (3.2) 46.5 9.0
Intermediate Professions 339 25.7 (3.7) 48.3 14.0 519 26.2 (4.4) 45.7 18.8
Employed 169 25.4 (3.5) 40.8 12.6 388 25.9 (3.8) 46.0 15.3
Agricultural workers/Craftsmen/
Workers/No profession
1483 26.1 (4.0) 46.2 16.6 2271 26.2 (4.3) 42.3 20.6
Place of residence Centre- North 271 25.8 (4.3) 48.4 11.2 474 26.2 (4.8) 35.7 21.3
Centre- South 1238 26.0 (4.0) 46.1 15.9 1841 25.8 (3.9) 47.2 15.9
East 230 25.9 (4.1) 48.5 13.8 438 26.4 (4.6) 43.1 17.3
North 72 27.0 (3.9) 46.9 26.4 235 26.4 (4.3) 43.3 25.4
West 185 25.9 (4.0) 44.3 17.8 241 27.3 (3.8) 49.7 27.0
Luxembourg-city 425 25.3 (3.5) 45.1 12.8 592 25.3 (3.8) 38.3 15.0
Physical activity Yes 991 25.4 (3.7) 47.2 10.7 2041 25.3 (3.8) 44.1 12.6
No 1471 26.2 (4.0) 46.0 18.1 1779 26.7 (4.3) 43.5 23.9
Diet Balanced 2040 25.7 (3.9) 47.0 13.9 3265 25.8 (4.1) 43.8 17.0
Unbalanced 308 26.7 (4.5) 44.5 23.1 471 27.1 (4.3) 43.9 24.5
No know 118 25.8 (3.7) 40.5 14.8 81 26.1 (3.7) 49.0 17.2
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Overweight Obese N Average BMI
(SD)
Overweight Obese
Total 5117 25.1 (4.4) 37.3 14.3 7768 25.5 (4.6) 36.4 17.8
Women
All 2649 24.4 (4.6) 28.9 13.6 3947 25.1 (5.0) 29.3 17.7
Age groups 16-24 180 23.0 (4.2) 15.7 9.8 469 22.0 (3.4) 15.4 4.8
25-34 582 23.1 (4.6) 19.7 10.1 678 23.7 (3.8) 22.8 11.2
35-44 527 23.9 (5.0) 23.7 12.7 859 24.9 (5.2) 23.4 16.1
45-54 404 25.0 (4.2) 32.8 14.7 717 25.8 (5.2) 29.9 21.9
55-64 362 26.0 (4.0) 40.9 19.7 471 26.3 (4.6) 38.1 21.7
65+ 592 25.1 (4.8) 36.6 14.6 754 27.2 (5.8) 44.4 27.0
Nationality Luxembourgers 1912 24.4 (4.7) 29.6 13.9 2462 25.2 (5.7) 30.2 18.5
Portuguese 223 24.7 (4.1) 29.9 13.3 462 25.9 (4.1) 27.3 23.5
French 101 23.2 (3.7) 31.5 5.6 191 22.8 (2.7) 20.1 6.4
German 51 24.3 (5.1) 30.3 15.2 105 25.0 (4.5) 21.5 18.7
Others 359 24.3 (4.6) 23.8 14.2 726 24.8 (4.4) 31.0 14.1
Marital status Single 565 23.2 (4.8) 18.7 11.5 948 23.1 (4.4) 19.8 9.5
Married 1457 24.5 (4.4) 31.5 12.7 2271 25.5 (4.8) 30.9 19.0
Divorced/separated 171 24.2 (4.8) 28.0 12.1 325 25.7 (5.1) 27.5 22.3
Widowed 454 25.6 (4.8) 33.8 19.7 403 27.1 (5.7) 43.8 26.1
Educational level Primary 1491 25.3 (4.6) 33.5 18.6 1235 26.8 (5.4) 36.6 25.2
Secondary 866 23.5 (4.4) 23.9 8.6 1901 24.8 (5.0) 27.2 16.9
Tertiary 284 22.2 (4.2) 20.0 2.8 788 23.4 (3.6) 23.5 7.7
Profession Managers and Intellectual
professions
175 22.7 (4.6) 26.4 3.3 382 24.2 (4.1) 30.0 10.8
Intermediate Professions 207 22.7 (5.0) 18.5 6.8 462 23.6 (4.7) 18.2 11.4
Employed 268 23.0 (4.4) 14.0 9.6 500 23.9 (4.3) 26.9 10.2
Agricultural workers/Craftsmen/
Workers/No profession
1997 24.9 (4.5) 32.2 15.8 2603 25.8 (5.2) 31.6 21.3
Place of residence Centre- North 295 24.1 (5.2) 27.3 13.0 461 25.0 (5.4) 28.5 14.7
Centre- South 1277 24.4 (4.4) 30.1 13.3 1933 25.3 (4.9) 29.1 19.0
East 285 24.9 (5.1) 25.4 19.5 402 25.4 (4.7) 29.5 20.2
North 73 24.2 (3.8) 30.3 10.8 225 25.1 (5.1) 33.4 15.9
West 198 24.7 (4.9) 28.7 15.7 249 25.4 (5.4) 24.3 22.3
Luxembourg-city 518 24.1 (4.6) 28.6 11.1 677 24.5 (4.7) 30.5 13.5
Physical activity Yes 782 23.2 (4.2) 21.0 9.5 1973 24.0 (4.5) 25.1 11.6
No 1847 24.9 (4.7) 32.0 15.3 1974 26.2 (5.1) 33.5 23.8
Diet Balanced 2264 24.3 (4.4) 29.3 12.4 3479 25.1 (4.9) 29.6 17.3
Unbalanced 300 25.0 (5.6) 28.6 19.8 403 25.6 (5.5) 26.9 21.7
No know 80 25.4 (6.1) 18.9 26.7 57 25.3 (4.5) 26.3 19.3
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Table 3 Association of the obesity with the demographic, socio-economic and behavioural factors, by gender, in 1995
and 2007
1995 2007
Men OR [CI] Women OR [CI] Men OR [CI] Women OR [CI]
Age groups 16-24 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
25-34 1.99 [0.93-4.27] 1.21 [0.67-2.20] 1.36 [0.85-2.18] 3.38 [1.96-5.82]*
35-44 3.14 [1.44-6.86]* 1.49 [0.80-2.79] 1.46 [0.90-2.38] 4.64 [2.72-7.93]*
45-54 3.88 [1.75-8.60]* 1.60 [0.83-3.08] 2.26 [1.39-3.69]* 6.82 [3.99-11.64]*
55-64 4.02 [1.79-9.04]* 1.90 [0.97-3.73] 3.08 [1.86-5.09]* 6.01 [3.45-10.48]*
65+ 2.82 [1.24-6.43]* 0.96 [0.48-1.90] 1.86 [1.11-3.12]* 6.57 [3.78-11.40]*
Marital status Married 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Single 0.76 [0.53-1.08] 1.31 [0.90-1.91] 0.47 [0.34-0.64]* 1.11 [0.82-1.50]
Divorced/separated 0.69 [0.38-1.26] 0.88 [0.53-1.47] 0.81 [0.56-1.16] 1.28 [0.95-1.72]
Widowed 0.90 [0.51-1.58] 1.57 [1.12-2.21]* 1.59 [0.99-2.53] 0.97 [0.73-1.30]
Nationality Luxembourgers 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
French 0.77 [0.41-1.48] 0.46 [0.19-1.12] 0.71 [0.43-1.19] 0.43 [0.23-0.79]*
German 1.30 [0.56-3.01] 1.71 [0.76-3.88] 1.23 [0.66-2.32] 1.30 [0.76-2.20]
Others 0.87 [0.60-1.26] 1.20 [0.84-1.71] 1.10 [0.85-1.41] 0.86 [0.67-1.11]
Portuguese 0.62 [0.36-1.06] 0.90 [0.56-1.43] 0.82 [0.60-1.12] 1.30 [0.97-1.75]
Educational level Tertiary 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Primary 1.45 [0.99-2.13] 5.03 [2.29-1.07]* 0.76 [0.54-1.06] 2.06 [1.43-2.98]*
Secondary 1.02 [0.71-1.47] 2.36 [1.07-5.20]* 0.86 [0.65-1.14] 2.08 [1.48-2.92]*
Profession Managers and intellectual
Professions
1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Agricultural workers/Craftsmen/
Workers/No profession
1.36 [0.91-2.02] 2.61 [1.06-6.47]* 2.79 [1.93-4.02]* 1.19 [0.79-1.81]
Employed 1.07 [0.58-1.96] 2.03 [0.76-5.46] 2.44 [1.58-3.79]* 0.55 [0.34-0.90]*
Intermediate Professions 1.20 [0.76-1.88] 1.66 [0.59-4.65] 2.64 [1.79-3.90]* 0.80 [0.50-1.29]
Place of residence Luxembourg-city 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Centre- North 0.84 [0.51-1.37] 1.23 [0.78-1.95] 1.51 [1.07-2.13]* 1.10 [0.77-1.58]
Centre- South 1.09 [0.77-1.53] 1.09 [0.78-1.52] 0.99 [0.75-1.30] 1.35 [1.04-1.76]*
East 0.94 [0.59-1.50] 1.93 [1.26-2.94]* 1.03 [0.72-1.47] 1.50 [1.05-2.13]*
North 2.27 [1.21-4.24]* 0.78 [0.35-1.76] 1.97 [1.31-2.95]* 1.20 [0.77-1.87]
West 1.15 [0.69-1.91] 1.13 [0.68-1.88] 1.84 [1.24-2.72]* 1.73 [1.16-2.58]*
Physical activity Yes 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
No 1.54 [1.19-1.98]* 1.18 [0.88-1.58] 1.80 [1.49-2.18]* 1.78 [1.48-2.15]*
Diet Balanced 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Unbalanced 2.19 [1.60-3.00]* 2.06 [1.48-2.87]* 1.99 [1.54-2.57]* 1.62 [1.23-2.15]*
No know 0.95 [0.54-1.67] 2.47 [1.43-4.25]* 1.35 [0.73-2.51] 0.94 [0.47-1.91]
R2 adjusted R2 0.0821 R2 0.1060 R2 0.1341 R2 0.1328
Results are expressed as Odds Ratio (OR) and 95% Confidence Interval (CI). Statistical analysis was performed by multivariate logistic regression.
(*) indicated that OR were statistically significant at 95% CI.
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Distribution of BMI and prevalence of overweight and
obesity, stratified by year and gender (Table 1, Table 2)
BMI data were stable between 1995 and 2007 for both
men and women in the entire study population. It was
26.0 kg/m2 for men in 2007 (25.9 kg/m2 in 1995) and25.1 kg/m2 for women in 2007 (24.4 kg/m2 in 1995).
Men had a mean BMI of 23.4 to 27.4 kg/m2 in 2007 and
were overweight between the ages of 25 and 34, on an
average. For women, mean BMI ranged between 22.0 and
27.2 kg/m2 and women aged 45 and older, on average,
were overweight.
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centage of overweight men decreased from 46.3% in
1995 to 43.9% in 2007 and obesity in men increased
from 15.1% in 1995 to 17.9% in 2007 (an 18.5% increase
in 12 years). Overweight prevalence ranged from 26.2%
to 51.5% in 2007 among younger and older men, while
obesity prevalence ranged from 7.0% to 29.1% in 2007,
respectively, among men aged 16 to 24 and 55 to
64 years. Obesity prevalence was highest among older
men (+8 percentage points).
Among women, the prevalence of overweight increased
from approximately 28.9% in 1995 to 29.3% in 2007 and
increased with age, ranging between 15.4% and 44.4% in
2007. Obesity prevalence increased to approximately 17.7%
in 2007 from 13.6% in 1995 and varied between 4.8% and
27% in 2007. The prevalence of obesity among women
increased to 30% between 1995 and 2007.
Between 1995 and 2007, the prevalence of overweight
remained stable among both men and women, while the
prevalence of obesity increased, particularly among women
age 65 years and older (an 85% increase) and among those
aged 45 to 54 years (a 49% increase). Obesity prevalence
increased by 42.9% (4.9% in 1995 to 7.0% in 2007) in men
aged 16–24 years, while it decreased by 51% (9.8% in 1995
to 4.8% in 2007) among women of the same age group be-
tween 1995 and 2007.
In 2007, Luxembourg men had a higher obesity preva-
lence rate than the mean value, followed by Portuguese
men. Among women, the prevalence rate was higher than
the mean in Portuguese women. Between 1995 and 2007,
the highest increase in obesity prevalence was observed in
Portuguese women (from 13.3% to 23.5%, or a 76.7% in-
crease) and Portuguese men (from 11.0% to 16.3%, or a
48.2% increase).
Obesity prevalence was highest among widowed men
(30.9%) and widowed women (26.1%) in 2007. Compared
to 1995, obesity prevalence increased to 79.7% in men and
32.5% in women in 2007. Regarding educational level,
higher obesity prevalence was observed in those who com-
pleted their primary education compared to those who
completed their graduation. Obesity prevalence ratios were
highest among women (3.27 for women and 1.59 for men).
Large increases in obesity prevalence were found among
women. In 2007, obesity prevalence among agricultural
workers, farmers, craftsmen, and other workers was ap-
proximately twice that observed among managers working
in intellectual professions for both men and women. There
was generally an increased prevalence of obesity in each
profession between 1995 and 2007, except for male man-
agers. Moreover, obesity prevalence increased according to
the location of residence between 1995 and 2007, with the
exception being men living in the North region. The in-
crease in obesity prevalence was higher among those who
did not engage in physical activity between 1995 and 2007(32% for men [from 18.1% in 1995 to 23.9% in 2007] and
55.6% for women [from 15.3% in 1995 to 23.8% in 2007]).
Men and women who say their diet is balanced are less
likely to be obese than people who do not believe they eat
a balanced diet. Obesity prevalence was higher among
those who rated their diet as unbalanced (22.3% in men
[from 23.1% in 1995 to 24.5% in 2007] and 39.5% for
women [from 19.5% in 1995 to 21.7% in 2007]).
Link between demographic and SES determinants and
obesity (Table 3)
Risk for obesity was associated with age among both men
and women in 2007. This association was absent in women
in 1995 and stronger in women than in men in 2007, as
shown by the odds ratio (OR).
Marital status was not associated with risk for obesity in
both men and women in 1995 and 2007. However, married
men were more likely to be obese than single men in 2007,
and widowed women were more likely to be obese than
married women in 2005.
Nationality was not associated with obesity prevalence
among men in 1995 and 2007 or among women in 1995. A
statistically significant difference appeared between French
women and Luxembourg women in 2007; the French
women were less likely to be obese than the Luxembourg
women (OR=0.43, confidence interval [CI] =0.23–0.79).
Educational level was associated with the likelihood of
obesity among women in both 1995 and 2007. Women with
an education level below the tertiary education were twice as
likely to be obese in 2007 (OR=2.06, CI=1.43–2.98 for pri-
mary education, and OR=2.08, CI=1.48–2.92 for secondary
education). Between 1995 and 2007, the strength of the asso-
ciation between education and obesity decreased among
women; however, the extent of inequality remained high.
The association between profession and obesity was sta-
tistically significant among men in 2007 and among women
in 1995.
The location of residence was associated with obesity
prevalence for both men and women. Compared to resi-
dents of Luxembourg City, men who inhabited the regions
of Centre North, North, and West generally were at an ap-
proximately twofold higher risk for being obese, and
women living in the Centre South, East, and West regions
had a less-than-twofold risk.
Lack of physical activity was associated with the likeli-
hood of being obese in 2007 for both men and women.
Men and women who did not exercise were nearly 1.8
times more likely to be obese than those who exercised. In
1995, this link was only statistically significant in men.
Links between diet and obesity were statistically dif-
ferent among men and women in 1995 and 2007.
People who were considered to have unbalanced nu-
trition were more likely to be obese than those with a
balanced diet.
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Our results show that obesity prevalence increased by
24.5% through the study period in Luxembourg. However,
because the prevalence may seem stable overall, increases
across different ages may be overlooked. Age remained an
obesity inequality factor for men and women in 2007, but
only for men in 1995. Women tended to pay more atten-
tion to their weight than men did; therefore, less than 50%
of the women were overweight between 1995 and 2007.
These trends were observed in other developed countries
as well. In France, the prevalence of adult obesity increased
by 52.3% between 1997 and 2006 (13.1% in 2006 and 8.6%
in 1997) [25]. In Switzerland, 2 studies found that the
prevalence rates of obesity were 14.1% in men and 16% in
women in 2005 and 2006 [26], and 8.6% in men and 7.7%
in women in 2007 [27]. In Greece, overall obesity preva-
lence was 22.3% (25.8% in men, 18.4% in women) in 2003
[28], which was higher than that in Luxembourg. Our
results showed that obesity prevalence rates observed in
both men and women in Luxembourg were lower than
those in both the United States and England. In the United
States, the age-adjusted prevalence of obesity was 32.2%
among men and 33.5% among women [29]. In England,
26.1% of adults aged 16 years and older were obese [30].
Resident nationality reveals changes in lifestyle and diet-
ary habits associated with population migration. For ex-
ample, obesity prevalence in Portugal was lower (14.1% of
men and 16% of women in 2005 and 2006) [26] than
among Portuguese residents in Luxembourg. In contrast,
for French residents in Luxembourg, obesity prevalence
was lower than the prevalence rates observed in France
(12.5% of men and 13.6% of women) [25].
The extent of the relationship between SES factors
and obesity prevalence examined with multiple logistic
regression analysis confirmed the results of other studies
[4,8-14,23,28,31-33].
The influence of education on obesity is significant in
women because it clearly shows the social gradient; other
studies have presented results showing an inverse relation-
ship between education level and SES status [8,10,31]. The
link between obesity and educational level is reflected in the
multivariate logistic regression model. Educational level
influences the ability to process information regarding
healthy lifestyle and, more specifically, overweight and obes-
ity [8,32]. According to Kenkel [32], education helps people
choose healthy lifestyles by improving their knowledge of the
relationship between health behaviours and health outcomes.
In rural Appalachia, a study found that education has a sig-
nificant influence on risk for obesity [4]. Cawley and collea-
gues [10] emphasized the role of information and education
in the association between education and obesity. A low level
of education was an obesity risk factor in our study, particu-
larly among women. Women who had only reached the level
of primary or secondary education were twice as likely to beobese compared to those who had achieved a higher level of
education. In Greece, educational level was not associated
with risk for obesity among men, but this relationship existed
among women [28]. In Spain, a study conducted between
1987 and 1997 showed a predisposition to obesity that was
much higher in people with a basic level of education, re-
gardless of gender [11]. Overall, these results confirm the im-
portant role of education in the prevalence of overweight
and obesity, as observed in other studies [4,9,10,28].
Some studies found that married people were more likely
to be obese than unmarried people [28,33]. Our results
showed that marital status was associated with obesity
among women in 1995 and among men in 2007. In Greece,
married men and married women were twice as likely to be
obese than those who were not married [28].
Our results demonstrated a larger difference in obesity
prevalence between agricultural workers, craftsmen, gen-
eral workers, and those with no profession, and men work-
ing as managers and in intellectual professions. The results
of our multivariate analysis showed that men working in
lower professions were more than twice as likely to be
obese than men working in top professions (e.g., managers
and intellectual professions) in 2007. This result was simi-
lar to that found in England, where higher professional sta-
tus was associated with lower risk for obesity [34]. Among
women, this difference decreased through the study period
but remained high. This trend also was observed in France
between 1992 and 2003 [35].
Obesity distribution is associated with respondents’ resi-
dence location; this association was higher in 2007. These
differences may be attributable to SES context, diet and
physical activity, and environment (urban or rural). In
Portugal, a cross-sectional study showed that people who
lived in rural areas were at lower risk for obesity than those
who lived in urban areas [36]. In contrast, our results sug-
gest that men and women who live outside of the major
town of Luxembourg (Luxembourg City) are more likely to
be obese. The North and West areas are less populated and
include rural areas, and obesity prevalence was higher
among men and women in these 2 areas. It is noteworthy
that even in a small country such as Luxembourg, spatial
variations of obesity can be observed.
Many studies have found that physical activity is asso-
ciated with obesity [37,38]. Our findings showed that phys-
ical activity was associated with obesity risk in both men
and women, particularly in 2007.
Other studies found a statistically significant association
between obesity and diet, but sometimes the results were
mixed [39-41]. Our results suggest the relationship between
obesity and diet was statistically significant in both men
and women in 1995 and 2007. These results may be of
interest for those involved in diet-related health promotion.
Limitations of this study were as follows: BMI was self-
reported, and we did not have data on smoking, alcohol
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havioural obesity determinants (lifestyle) that are required
to be controlled for in an analysis of the relationship be-
tween obesity and SES determinants.
Conclusions
The prevalence of overweight and obesity is relatively high
in Luxembourg; however, it changed only slightly between
1995 and 2007. SES inequalities associated with obesity are
important, especially inequality in education among women
and professional inequality among men. The fight against
obesity should focus on educating the population at large,
with particular emphasis on socially disadvantaged people.
Our findings confirm the influence of lifestyle factors on
obesity risk. A sustained policy to fight obesity is justified
by the risks associated with this health problem, both in
terms of medical expenses and morbidity [42].
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AT conducted the statistical analysis and wrote the manuscript. NL
conducted the statistical analysis and wrote the manuscript. All authors read
and approved the final manuscript.
Acknowledgements
Support was partially provided by the National Luxembourg Research Fund
in agreement grants FNR/VIVRE/06/08/12.ESANDE and by the CEPS/INSTEAD.
The authors thank 2 anonymous reviewers for their constructive criticism,
which helped to improve a previous version of this article.
Received: 21 December 2011 Accepted: 17 August 2012
Published: 29 August 2012
References
1. World Health Organization: Obesity: preventing and managing the global
epidemic. Report of a WHO consultation (3-5 June 1997). WHO Technical
Report Series 2000, 894:1–252.
2. World Health Organization/Europe: European Charter on Counteracting
Obesity. Istanbul (Turkey): 2006:15–17.
3. James WPT: The epidemiology of obesity: the size of the problem.
Journal of Internal Medicine 2008, 263:336–352.
4. Amarasinghe A, D’Souza G, Brown C, Oh H: The influence of
socioeconomic and environmental factors on health and obesity in rural
Appalachia. Research Paper 2006, 12:33p.
5. Philipson TJ: The World-wide growth in obesity: An economic research
agenda. Heal Econ 2001, 10:1–7.
6. Wang G, Zheng Z, Heath G, Macera C, Pratt M, Buchner D: Economic
burden of cardiovascular disease associated with excess body weight in
US adults. Am J. Pre Med 2002, 23(1):1–6.
7. Bianchini F, Kaaks R, Vainio H: Weight control and physical activity in
cancer prevention. Obesity review 2002, 3(1):5–8.
8. Costa-Font J, Fabbri D, Gil J: Decomposing cross-country differences in
levels of obesity and overweight: does the social environment matter?
LSE Health Working paper 2008, 12/2008:1–27.
9. Sassi F, Devaux M, Church J, Cecchini M, Borgonovi F: Education and Obesity
in four OECD Countries. OECD Health Working Papers 2009, 46:1–46.
10. Cawley J, Meyerhoefer C, Newhouse D: The impact of state physical
education requirements on youth physical activity and overweight.
Health Econ. 2007, 16(12):1287–1301.
11. Gutierrez-Fisac JL, Regidor E, Banegas JR, Artalejo FR: The size of obesity
differences associated with educational level in Spain, 1987 and 1995/
97. Journal of Epidemiology and Community Health 2002, 56:457–460.
12. Molarius A, Seidell JC, Sans S, et al: Educational level, relative body weight,
and changes in their association over 10 years: An internationalperspective from the WHO MONICA Project. Am J Public Health 2000,
90(8):1260–1268.
13. Molarius A: The contribution of lifestyle factors to socioeconomic
differences in obesity in men and women–a population-based study in
Sweden. Eur J Epidemiol 2003, 18(3):227–234.
14. Kilicarslan A, Isildak M, Sain Guven G, Oz SG, Durusu Tanriover M, Duman
AE, Saracbasi O, Sozen T: Demographic, socioeconomic and educational
aspects of obesity in an adult population. Journal of the National Medical
Association 2006, 98(8):1313–1317.
15. Ghosh A: Effects of socio-economic and behavioural characteristics in
explaining central obesity: a study on adult Asian Indians in Calcutta,
India. Colloque Antropol 2005, 30:265–271.
16. Molarius A, Seidell JC, Kuulasmaa K, Dobson AJ, Sans S: Smoking and
relative body weight: an international perspective from the WHO
MONICA project. J. Epidemiol Community Health 1997, 51:252–260.
17. Manhem K, Dotevall A, Wilhelmsen L, al: Social gradients in cardiovascular
risk factors and symptoms of Swedish men and women: The Göteborg
MONICA Study 1995. J Cardiovasc Risk 2000, 7:359–368.
18. Blakely T, Hales S, Kieft C, Wilson N, Woodward A: Distribution of risk
factors by poverty. In WHO Comparative quantification of health risks: Global
and regional burden of disease attributable to selected major risk factors. 2nd
edition. Edited by Ezzati, et al.; 2004.
19. Meyer HE, Sogaard AJ, Tverdal A, Selmer RM: Body mass index and
mortality: the influence of physical activity and smoking. Medical and
Science in Sport and Exercise 2002, 34:1065–1070.
20. Cui R, Iso H, Toyoshima H, Date C, Yamamoto A, Kikuchi S, Kondo T,
Watanabe Y, Wada Y, Inaba Y, Tamakoshi A: Body mass index and
mortality from cardiovascular disease among Japanese men and
women: the JACC study. Stroke 2005, 36:1377–1382.
21. Lawlor DA, Hart CL, Hole DJ, Davey Smith G: Reverse causality and
confounding and the associations of overweight and obesity with
mortality. Obesity (Silver Spring) 2006, 14:2294–2304.
22. Tchicaya A: Etat de santé et facteurs de risque: quelques indicateurs pour le
Luxembourg en 2005. Collection Population & Emploi CEPS/INSTEAD 2006, 22:1–8.
23. Tchicaya A, Braun M, Lorentz N, Delagardelle C, Beissel J, Wagner D: Social
inequality in awareness of cardiovascular risk factors in patients
undergoing coronary angiography. European Journal of Preventive
Cardiology 2012, doi:10.1177/2047487312446123. http://cpr.sagepub.com/
content/early/2012/04/16/2047487312446123.
24. STATEC: Luxembourg in figures.; 2011. http://www.statistiques.public.lu/
catalogue-publications/luxembourg-en-chiffres/luxembourg-figures.pdf.
25. Charles M-A, Eschwège E, Basdevant A: Monitoring the obesity epidemic
in France: the Obepi surveys 1997–2006. Obesity (Silver Spring) 2008,
16(9):2182–2186.
26. Marques-Vidal P, Paccaud F, Ravasco P: Ten-year trends in overweight and
obesity in the adult Portuguese population, 1995 to 2005. BMC Publ
Health 2011, 11:772. http://www.biomedcentral.com/147-2458/11/772.
27. Schneider H, Dietrich ES, Venetz WP: Trends and stabilization up to 2022
in overweight and obesity in Switzerland, comparison to France, UK, US
and Australia. International Journal of Environmental Research and Public
Health 2010, 7:460–472. doi:10.3390/ijerph7020460.
28. Tzotzas T, Vlahavas G, Papadopoulou S, Kapantais E, Kaklamanou D,
Hassapidou M: Marital status and educational level associated to obesity
in Greek adults: data from the National Epidemiological Survey. BMC Publ
Health 2010, 10:732. http://www.biomedcentral.com/1471-2458/10/732.
29. Flegal KM, Carroll MD, Ogen CL, Curtin LR: Prevalence and trends in
obesity among US adults. JAMA 2010, 303(3):235–241.
30. National Obesity Observatory: Trends in Obesity Prevalence. Health Survey
for England 2010, http://www.noo.org.uk/NOO_about_obesity/trends,
(accessed June 10, 2012).
31. Baum CL II, Ruhm CJ: Age, socioeconomic status and obesity growth.
NBER Working Paper Series 2007, 13289:1–51.
32. Kenkel D: Health behavior, health knowledge, and schooling. J Polit Econ
1991, 99:287–305.
33. Kilicarslan A, Isildak M, Guven GS, Oz SG, Tannover MD, Duman AE, Saracbasi O,
Sozen T: Demographic, socioeconomic and educational aspects of obesity in
an adult population. J Natl Med Assoc. 2006, 98(8):1313–7.
34. Brunner E, Shipley MJ, Blane D, Smith GD, Marmot MG: When does
cardiovascular risk start? Past and present socioeconomic circumstances
and risk factors in adulthood. Journal of Epidemiology and Community
Health 1999, 53:757–764.
Tchicaya and Lorentz BMC Research Notes 2012, 5:467 Page 9 of 9
http://www.biomedcentral.com/1756-0500/5/46735. de Saint Pol T: L’obésité en France: les écarts entre catégories sociales
s’accroissent. Insee Première 2007, 1123:4.
36. Padez C: Trends in overweight and obesity in Portuguese conscripts
from 1986 to 2000 in relation to place of residence and educational
level. Public Health 2006, 120(10):946–52. Epub 2006 Aug 8.
37. Brown A, Siahpush M: Risk factors for overweight and obesity: results
from the 2001 National Health Survey. Public Health 2007, 121(8):603–13.
38. Lahmann PH, Lissner L, Gullberg B, al: Sociodemographic factors
associated with long-term weight gain, current body fatness and central
adiposity in Swedish women. Int J Obes 2000, 24(6):685–94.
39. Lissner L, Heitmann BL: Dietary fat and obesity: evidence from
epidemiology. Eur J Clin Nutr 1995, 49(2):79–90.
40. Seidell JC: Dietary fat and obesity: an epidemiologic perspective.
Am J Clin Nutr 1998, 67(3):546–550.
41. Turrell G, Kavanagh AM: Socio-economic pathways to diet: modeling the
association between socio-economic position and food purchasing
behaviour. Public Health Nutrition 2005, 9(3):375–383.
42. Grossman, Inas R: The economics of obesity. Public Interest 2004, 156:104–112.
doi:10.1186/1756-0500-5-467
Cite this article as: Tchicaya and Lorentz: Socioeconomic inequality and
obesity prevalence trends in luxembourg, 1995–2007. BMC Research
Notes 2012 5:467.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
